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Abstract

Background: Hepatocellular carcinoma (HCC) is the leading cause of death in HCV-related liver diseases and
the third most common cause of cancer-related mortality worldwide. A reliable serum marker for early diagnosis of
HCC is currently lacking.

Objectives: The aim of this study was to identify the serum levels of soluble Human leukocyte antigen-G (sHLA-
G) in HCC and liver cirrhosis (LC) patients. As well, we aimed to estimate the diagnostic performance of sHLA-G for
HCC by comparing its levels with the levels of Alpha fetoprotein (AFP).

Subjects and methods: The study included 100 subjects divided into: 25 apparently healthy volunteers who
served as healthy control subjects (group ), and 50 patients with untreated HCC on top of liver cirrhosis (group I1) in
addition to 25 cirrhotic patients (group IlI). HCC group was divided into two subgroups, 25 patients with AFP levels <
200 ng/ml and 25 patients with AFP levels >200 ng/ml. All subjects were subjected to routine laboratory
investigations plus detection of serum levels of both AFP and sHLA-G by Enzyme Immune Assay (EIA).

Results: Blind parallel detection was conducted for sHLA-G and AFP. AFP was highly significantly increased in
HCC and LC patients when compared to healthy controls (p=0.001). Also, there was a highly significant increase in
AFP level in HCC patients when compared to cirrhotic ones (p=0.001). sHLA-G was highly significantly increased in
HCC patients when compared to both healthy controls and cirrhotic patients (p=0.001). sHLA-G was not significantly
increased in cirrhotic patients when compared to healthy controls (p=0.001). There was a significant strong positive
correlations between sHLA-G and AFP in HCC patients (p<0.001) while weak negative correlation between sHLA-G
and AFP was detected in cirrhotic group. The area under the receiver operating characteristic curve (ROC) was
used to evaluate the diagnostic efficacies of both markers. The superiority of sHLA-G over AFP was more profound
in the diagnosis of HCC [AUC: 0.993], in discriminating HCC from LC patients [AUC: 0.992] as well as in the
diagnosis of HCC patients with AFP levels < 200 ng/ml or in discriminating this HCC subgroup from LC patients
[AUC: 0.986 and 0.984 respectively].

Conclusion: sHLA-G was found to be superior over AFP because of its higher AUC than that of AFP. As well,
sHLA-G has better diagnostic performance with higher sensitivity and specificity than AFP. According to our data,
sHLA-G could serve as a new efficient marker for early diagnosis of HCV-related HCC patients and to discriminate
HCC from LC patients. Thus, measuring sHLA-G levels can help to reduce both false negative and false positive
rates of AFP. Moreover, sHLA-G could have predictive value for tumorogenesis in HCV-related LC patients and
could be used along with other tumor markers for early detection of malignant transformation.

Keywords: Hepatocellular carcinoma (HCC); Liver cirrhosis (LC);
Soluble HLA-G (sHLA-G); Alpha feto protein (AFP)

Introduction

Hepatocellular carcinoma (HCC) is considered one of the most
frequent neoplasms worldwide. It is the major complication and the
main cause of death in people with liver cirrhosis (LC). HCC is the
fifth tumor in prevalence in men and the ninth in women as stated by
the American Cancer society report in 2012 [1,2]. HCC usually

presents late in an advanced stage of the disease because of the
deficient of early symptoms as well as lack of reliable early diagnostic
markers. Therefore, a lot of patients miss the opportunity of early
therapeutic interventions and thus have a very bad prognosis and so
far poor survival. Accordingly, better early diagnostic modalities are
urgently required [2].

Alpha fetoprotein (AFP) is still considered the conventional marker
in the diagnosis of HCC. However, AFP has poor sensitivity and
specificity as its level may increase in patients with other liver diseases
including acute hepatitis, chronic active hepatitis or LC [2]. Moreover,
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the false negative rate of AFP levels in diagnosing HCC is high. This is
because its level may not be elevated enough in approximately one
third of HCC patients especially in the very early stages of the disease
and even in patients with advanced HCC or in small sized HCC focal
lesions [3,4]. Also, the positive rate of AFP in HCC is only 60-80%
plus the false-positive AFP results during pregnancy as well as
embryonic and certain gastrointestinal tumors [5]. Accordingly, it is
obvious that yet there is no reliable marker for the early diagnosis of
HCC. Therefore, more studies should be considered to improve the
early diagnostic rate of HCC including the combined detection of
several serum markers.

Human leukocyte antigen G (HLA-G) was first described as a key
molecule inducing materno-fetal tolerance, tumor escape, and allograft
transplantation acceptance. HLA-G molecules belong to the non
classical major histocompatibility complex-class Ib molecules [6].
Different studies have revealed HLA-G antigens and soluble (secreted)
HLA-G (sHLA-G) in various human carcinomas involving
endometrial adenocarcinoma, colorectal cancer, renal cell carcinoma,
gastrointestinal cancer, carcinomas of the lung, breast, ovary in
addition to hematolymphoid malignancies [7,8]. Consequently, HLA-
G may serve as a tumor marker for the prediction of certain types of
cancers. This may be attributed to the possible role of HLA-G in tumor
development by suppressing immune regulation within the tumor
micro environment [9]. Additionally, HLA-G was found to correlate
with various malignant clinic-pathological parameters as in
lymphoma, ovarian and gastric carcinomas [8]. Therefore, HLA-G
could have clinical value in the diagnosis of HCC.

This study was designed to elucidate the significance of sHLA-G in
HCC and in patients with LC as having major risk for development of
HCC in the Egyptian community. We also evaluated the relations
between sHLA-G and AFP which is till now the conventional marker
that has been used as a reference for early diagnosis of HCC.

Subjects and Methods

Subjects

This study was carried out in the Clinical Pathology Department,
Internal Medicine Department and Tropical Medicine Department,
Faculty of Medicine, El-Minia University Hospital. A total of 100
subjects were enrolled in this study. They were including 25 apparently
healthy volunteers who served as a control group (Group I). Their ages
ranged from 35 to 52 years old with mean * Standard Deviation (SD)
of 42 £ 9 years. They had normal liver and renal laboratory tests and
were all negative for the markers of hepatitis viruses A, B and C as well
as HIV antibodies. As well, they were free by clinical examination with
no liver diseases and no malignancies. Additionally, the study was
including 50 HCC patients (Group II). Their ages ranged from 38 to 57
years old with mean * SD of 47 + 9 years. The HCC patients were
diagnosed on basis of either histopathological findings or by dynamic
contrast enhanced CT and AFP. AASLD’s practice guidelines proposed
a single radiologic hallmark method positive for HCC to be sufficient
for diagnosis regarding nodules larger than 2 cm and nodules between
1-2 cm. [10,11]. This group was further subdivided into 2 subgroups
according to the levels of AFP. These 2 subgroups were incorporating
Group IIa which comprised HCC patients with AFP levels less than
200 ng/ml and Group IIb which comprised HCC patients with AFP
levels more than or equal to 200 ng/ml [12]. As well, the study involved
25 cirrhotic patients (Group III). Their ages ranged from 45 to 65 years
old with mean + SD of 47 + 9 years. They were diagnosed by physical

examination, laboratory investigations, imaging tests and liver biopsy
in some patients [2]. Patients in Group II and III were proved to be
positive for HCV- RNA by real time (RT) PCR and negative for
hepatitis B surface antigen virus by enzyme immune assay (EIA).
Patients with other malignancies or other infectious diseases were
excluded from the study. Thorough history questionnaires were filled
for all subjects plus full clinical examination. In addition, informed
written consents were signed from all subjects.

Blood sampling

Blood samples were withdrawn from all subjects under complete
sterile condition for assessment of Complete Blood Count (CBC), liver
function tests, prothrombin time (PT) and concentration (PC), AFP
levels as well as sSHLA-G concentrations. For CBC, 2 ml of venus blood
were collected in an EDTA tubes and CBCs were performed
immediately. About 2 ml of blood were collected in citrated tubes
(3.2% trisodium citrate) for estimation of PT and PC. The last 5 ml of
blood were evacuated in plain tubes and expressed serum was used
immediately for determination of liver function tests. The remaining
serum was stored at -70°C for further evaluation of AFP and sHLA-G.

Laboratory methods

CBC was carried out using automated cell counter Sysmex KX-21N
(TAO Medical incorporation, Japan). PC and PT were measured by
STAGO COMPACT CT Coagulation Analyzer (Diamond Diagnostics,
USA). Furthermore, liver function tests (AST, ALT, Alkaline
phosphatase, bilirubin, total protein and albumin) were detected using
fully automated clinical chemistry auto-analyzer system Konelab 20i
(Thermo Electron Incorporation, Finland).

Serum AFP levels were determined by EIA kit according to the
manufacturer's instructions using anti-AFP antibodies for quantitative
detection of human AFP (TECO diagnostics, California, USA). As
well, sHLA-G concentrations were evaluated with a commercially
available EIA kit (USCAN life Science Inc., Houston, TX, USA)
according to the manufacturer's instructions.

Statistical analysis

All collected data were analyzed statistically using statistical package
for social sciences (SPSS) program version 17.0 (SPSS Inc., Chicago, IL,
USA). The quantitative data were presented as mean + SD while the
qualitative variables were described as number and percentage. Student
t-test was used to compare results between groups as regards
quantitative data. Chi-square test was used to compare qualitative
variables between groups. p-values equal to or less than 0.05 are
statistically significant. One Way Anova test was used for comparison
of parametric quantitative data between more than two groups.
Correlation was performed by using Pearson correlation coefficient of
(r). Moreover, ROC curve was used to evaluate the diagnostic
performance of both AFP and sHLA-G in HCC.

Results

Demographic features and laboratory results of enrolled
subjects

The demographic characteristics of the participants involved in this
study are summarized in Table 1. The subjects in the involved groups
were age matched with no significant difference when the three groups
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were compared to each other’s (p=0.336, 0.321 and 0.975). There was a
male predominance in both (HC) healthy control and HCC groups.
However, the 9/J ratio within LC patients was 48%/52% (Figure 1).

=0.93

250 p=0.001**

HLA-G (U/ml)
(o

(4] 2000 4000 6000 8000
AFP(ng/ml)

r=0.75 - 1 (strong correlation) ** p-value <0.001 AFP, a-fetoprotein

Figure 1: Correlation between AFP and HLA-G in HCC patients.
Significant strong positive correlation between serum levels of
sHLA-G and AFP in HCC patients.

There was a highly statistical significant increase in both ALT and
AST levels in HCC and LC groups when compared to HC group
(p<0.001). As well, there was a significant increase in both
aminotransferases in HCC group when compared to LC group
(p<0.001 and 0.006 respectively) (Table 1). Additionally, there was a
highly significant increase in total and direct bilirubin in HCC group
and in LC group (p<0.001) when compared to HC group. On the other
hand, there was no significant difference in total bilirubin when HCC
group was compared to LC group (p=0.20 and 0.4 respectively). Also,

there was a highly significant decrease in albumin concentration in
HCC group and in LC group (p<0.001) when compared to HC group
but there was no significant difference between HCC group in
comparison to LC one (p=0.08). Furthermore, there was a highly
significant decrease in PC in HCC group and in LC group (p<0.001)
when compared to HC group. Contrary, there was no significant
difference between HCC group and LC group (p=0.10) as regards PC
(Table 1).

Regarding CBC parameters, firstly, there was significant decrease in
TLC in HCC and in LC groups when compared to HC group
(p<0.001). Though, when HCC group was compared to LC group,
there was no significant difference (p=0.54). Secondly, there was a
highly significant decrease in platelets count in HCC group and in LC
group in compare to HC group (p<0.001) then when HCC group was
compared to LC group, there was no significant difference (p=0.34).
Finally, there was a highly significant decrease in Hb levels when
comparing both HCC and LC groups with HC group (p<0.001).
However, when HCC group was compared to LC group, there was no
significant difference (p=0.64) (Table 1).

Levels of AFP and sHLA-G according to the study groups

Serum levels of AFP and sHLA-G were significantly increased in
patients with HCC than in patients with LC or in HC group (p<0.001).
Likewise, serum levels of AFP were significantly increased in patients
with LC when compared to HC group (p<0.001). However, there was a
difference in the serum levels of sHLA-G within LC patients when
compared to HC group but did not reach a statistical significance
(p=0.07). Moreover, sHLA-G levels were significantly increased in
HCC subgroup IIb when compared to HCC subgroup Ila (p<0.001).
The serum levels of both AFP and sHLA-G in different studied groups
are shown in Table 2.

Groups p-value

Variables Healthy HCC (N=50) LC (N=25) Ivs il Ivs Il Hvs I

control (N=25)
Age (years) Mean + SD 44.28 +5.02 45.52 +5.27 45.56 +2.91 0.336 0.321 0.975
Gender Male/female (%) 60% 60% 48%
ALT(U/L) Mean + SD 16.32 £7.04 61.52 + 20.59 33.17 £ 13.79 <0.001** <0.001** <0.001**
AST(U/L) Mean + SD 18.32 +£5.89 91.29 + 37.47 63.59 + 28.04 <0.001** <0.001** 0.006*
Total bilirubin (mg/dl) Mean + SD | 0.37 £0.2 210+ 1.16 1.81+0.78 <0.001** <0.001** 0.2
direct bilirubin (mg/dl) Mean + SD | 0.17 + 0.08 0.78 +0.48 0.68+0.36 <0.001** <0.001** 0.4
Albumin (g/L) Mean + SD 4.45+0.50 2,97 +0.64 2.51+0.49 <0.001** <0.001** 0.08
PC (%) 95+ 6 56 + 18 49+ 14
Platelets (1 x 10%/uL) Mean + SD | 254.79 + 79.27 | 100.73 + 39.28 90.45 + 34.86 <0.001** <0.001** 0.34
TLC (1 x 10%/pL) Mean £ SD 7.51+2.04 3.90 +1.98 5.55+1.90 <0.001** <0.001** 0.54
Hb (g/dl) Mean + SD 13.1+£1.80 105+2.7 9.4+17 <0.001** <0.001** 0.64
N, number; * p-value < 0.05; ** p-value < 0.001 HCC: Hepatocellular Carcinoma; LC: Liver Cirrhosis; ALT: Alanine Transaminase; AST: Aspartate Transaminase; PC:
Prothrombin Concentration; TLC: Total Leucocytes Count; Hb: Hemoglobin.

Table 1: Comparison between patients and control groups regarding demographic and laboratory data.
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Variable Group p-value
Healthy controls (N=25) Group Il HCC (N=50) LC (N=25) |1lvsll lvs il s il
AFP (ng/ml) 46+15 1484.9 £ 1415 161.6 + 15.8| <0.001** <0.001** <0.001**
Mean = SD lla b
HCC é AFP<200 (N=25) | HCC é AFP 2 200 (N=25)
1415+ 354 5692 + 2095 <0.001**
SHLA-G (U/ml) 14.2+16.8 136.2 £55.7 26.5+7.8 <0.001** 0.07 <0.001**
Mean = SD lla b
HCC é AFP<200 (N=25) | HCC é AFP 2 200 (N=25)
96.9+4.9 183.6 +24.3 <0.001**
N: Number; ** p-value < 0.001; HCC: Hepatocellular Carcinoma; LC: Liver Cirrhosis; AFP: a-Fetoprotein

Table 2: Comparison between patients and control groups as regards AFP and sHLA-G.

sHLA-G

Variables

r p-value
ALT (U/L) 0.37 <0.001**
AST (U/L) 0.27 <0.001**
Total bilirubin (mg/dl) 0.24 <0.001**
Direct bilirubin (mg/dl) 0.16 <0.001**
Albumin (g/dl) -0.14 <0.001**
PC (%) -0.25 <0.001**
Platelets (1x103/uL) -0.15 0.002*
TLC (1x103/uL) 0.24 <0.001**
Hb (g/dl) -0.01 <0.001**
r=0.75-1 (strong correlation), r=0.5-0.74 (moderate correlation), r=0.25-0.49 (fair
correlation), r=0.1-0.24 (weak correlation); ** p-value < 0.001; HCC:
Hepatocellular Carcinoma; LC: Liver Cirrhosis; ALT: Alanine Transaminase;
AST: Aspartate Transaminase; PC: Prothrombin Concentration; TLC: Total
Leucocytes Count; Hb: Hemoglobin

Table 3: Correlation between sHLA-G and laboratory findings in HCC
patients.

Correlation of sHLA-G levels with serum AFP and other
laboratory data in HCC group

To assess the role of sHLA-G expression in HCC, we correlated
between serum levels of sSHLA-G and AFP as well as other laboratory
parameters in HCC group. Serum sHLA-G correlation with AFP was
strong positive and highly statistically significant (r=0.93, p<0.001). As
well, the correlations between serum sHLA-G and other laboratory
findings in HCC group were shown in Table 3. Regarding the
correlation between serum sHLA-G levels with liver function tests as
well as CBC parameters, we found that serum sHLA-G had a highly
statistical significant positive correlation with ALT, AST, total bilirubin,
direct bilirubin and with TLC (p<0.001). On the other hand, serum

sHLA-G had a highly statistical significant negative correlation with
albumin, PC and with Hb (p<0.002) in addition to statistical
significant negative correlation with platelets count (p=0.002).

HCC vs. DC+HC

(A)
ROC Curve

Source of the
Curve

—— AFP
HLAG
Reference Line

Sensitivity

T T T
00 02 04 06 08 10
1 - Specificity

(B)
Area Under the Curve (AUC)

Asymptotic 95% Confidence

Asymptotic Interval
Test Result Variable(s) Area Std. Errof Sig.b Lower Bound | Upper Bound
AFP 811 .043 .000 727 .895
HLAG .993 .005 .000 .983 1.002

a. Under the nonparametric assumption
b. Null hy pothesis: true area = 0.5

Figure 2: Diagnostic performances of the sHLA-G and AFP for
discriminating patients with HCC from both healthy controls and
cirrhotic patients. (A) ROC curve obtained by plot at different cut-
offs for AFP and sHLA-G in HCC versus all controls. (B) The area
under the curve is 0.811 for AFP with Std. Error=0.043 and 95%
Confidence Interval (CI) from 0.727 to 0.895. The area under the
curve is 0.993 for sHLA-G with Std. Error=0.005 and 95% CI from
0.983 to 1.002.
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Diagnostic performance of serum sHLA-G versus AFP for
HCC patients

To determine cut-off levels that balanced the false-positive and the
false-negative rates with the best positive predictive value, ROC
analysis was performed for AFP and sHLA-G. ROC curves of sHLA-G
and AFP for discriminating patients with HCC from all non HCC
subjects were shown in (Figure 2). The AUC value of sHLA-G was
0.993 [95% confidence interval (CI)=0.983-1.002, p=0.000].
Additionally, AFP showed an AUC value of 0.811 (95% CI=0.727-
0.895, p=0.000), and there was a significant difference between the
AUC values of sHLA-G and AFP (p<0.001) (Figure 2). ROC curves of
sHLA-G and AFP for discriminating patients with HCC from those
with LC were shown in (Figure 3). The AUC value of sHLA-G was
0.992 [95% CI=0.979-1.005, p=0.0001]. Also, AFP showed an AUC
value of 0.622 (95% CI=0.491-0.752, p=0.088) (Figure 3) and there was
a significant difference between the AUC values of sHLA-G and AFP
(p<0.001).

HCC vs. DC
(A)
ROC Curve
Source of the
1.04 Curve
—— AFP
r HLAG
0.8 Reference Line
2,
3067
D
c
&
0.4
0.24
0.0-— T T T T T
0.0 02 04 06 08 1.0
1 - Specificity
(B)
Area Under the Curve (AUC)
Asymptotic 95% Confidence
. | Asymptotic Intenval
Test Result Variable(s: Area Std. Error Sig Lower Bound | Upper Bound
AFP 622 067 088 491 752
HLAG 992 .007 .000 979 1.005

a. Under the nonparametric assumption
b. Null hy pothesis: true area = 0.5

HCC. hepatocellular carcinoma; DC, disease control; HC. healthy control: ROC. receiver operating characteristic: AFP, a-
fetoprotein

Figure 3: Diagnostic performances of the sHLA-G and AFP for
discriminating patients with HCC from cirrhotic patients. (A) ROC
curve obtained by plot at different cut-offs for AFP and sHLA-G in
HCC versus diseased control. (B) The area under the curve is 0.622
for AFP with Std. Error=0.067 and 95% CI from 0.491 to 0.752. The
area under the curve is 0.992 for sHLA-G with Std. Error=0.007 and
95% CI from 0.979 to 1.005.

These ROC curves indicated that a sHLA-G value of 44 U/mL
yielded the best sensitivity and specificity for differentiating patients
with HCC from those without HCC as a whole (HC plus diseased
controls (DC)) as well as from LC (Table 4). For AFP, the best cut-off
value that yielded the maximum sensitivity and specificity for
differentiating patients with HCC from those without HCC as a whole
(HC plus diseased controls (DC)) and from DC only was 171 ng/mL
(Table 4). Moreover, based on these ROC defined cut-off values, the
sensitivity and specificity of sSHLA-G was 96.7% and 96% respectively

when the comparison was versus both all non HCC patients and LC.
The PPV of sHLA-G versus all controls and DC was 96% and 98%
respectively As well, the sensitivity, specificity and PPV of AFP was
60%, 86% and 81% respectively when performed to HC plus DC while
when versus LC group the results were 60%, 72% and 88% respectively
(Table 4).

Variable Cut-Off value (s‘,/eo;' sitivity (So/;:;e cificity ::/':)V NPV (%)
HCC vs. DC+HC

AFP 171 60% 86% 81% | 31.80%
sHLA-G 44 96.70% 96% 96% | 4.16%
HCC vs. DC

AFP 171 60% 2% 88% | 48.80%
sHLA-G 44 96.70% 96% 98% | 7.70%
HCC: Hepatocellular Carcinoma; DC: Disease Control; HC: Healthy Control;
AFP: a-Fetoprotein; PPV: Positive Predictive Value; NPV: Negative Predictive
Value

Table 4: Results of measurement of AFP or sHLA-G in the diagnosis of
HC.

HCC vs. DC+HC

A) ROC Curve

Source of the
Curve

AFP
HLAG
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Sensitivity

0.0 02 04 06 08 10
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(B)

Area Under the Curve (AUC)
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ptoti Interval
TestResult Variable(s) Area Std. Error® Sig.” Lower Bound | Upper Bound
AFP 622 .067 .088 491 753
HLAG .986 .010 .000 .967 1.000

a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5

HCC, hepatocellular carcinoma; DC, disease control: HC, healthy control; ROC, receiver operating characteristic: AFP, a-
fetoprotein

Figure 4: Diagnostic performances of the sHLA-G and AFP for
discriminating patients with HCC with AFP levels <200 ng/ml from
both healthy controls and cirrhotic patients. (A) ROC curve
obtained by plot at different cut-offs for AFP and sHLA-G in HCC
versus all controls. (B) The area under the curve is 0.622 for AFP
with Std. Error=0.067 and 95% Confidence Interval (CI) from 0.491
to 0.753. The area under the curve is 0.986 for sHLA-G with Std.
Error=0.010 and 95% CI from 0.967 to 1.000.
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Variable Cut-Off Sensitivity (%) Specificity (%)
value
HCC vs. DC
@) HCC vs. (DC+HC)
ROC Curve
o s i AFP 171 20% 86%
e
oo :,25;6 . sHLA-G 44 92% 96%
HCC vs. DC
£ AFP 171 20% 72%
%‘
3 0] SHLA-G 44 92% 96%

Lo |

T T
0.0 0.2 04 06 08 1.0

1 - Specificity
(B)

Area Under the Curve (AUC)

Asymptotic 95% Confidence

Asymptotic Interval
TestResultVariable(s) Area Std. Error” Sig. Lower Bound | Upper Bound
AFP 243 .079 .002 .088 .399
HLAG 984 .013 000 959 1.000

a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5

HCC, hepatocellular carcinoma; DC, disease control; HC, ROC, receiver operating characteristic; AFP, a-fetoprotein

Figure 5: Diagnostic performances of the sHLA-G and AFP for
discriminating patients with HCC with AFP levels <200 ng/ml from
cirrhotic patients. (A) ROC curve obtained by plot at different cut-
offs for AFP and sHLA-G in HCC versus diseased control. (B) The
area under the curve is 0.243 for AFP with Std. Error=0.079 and
95% CI from 0.088 to 0.399. The area under the curve is 0.984 for
sHLA-G with Std. Error=0.013 and 95% CI from 0.959 to 1.000.

Furthermore, the HCC group was subdivided into 2 subgroups
according to the concentration of AFP in their sera. These subgroup
were comprising those HCC patients who had AFP levels <200 ng/ml
as well as those with AFP levels > 200 ng/ml. ROC curves of sHLA-G
and AFP for differentiating patients with HCC (AFP<200 ng/ml) from
all controls (HC+DC) were analyzed (Figure 4). The AUC value of
sHLA-G was 0.986 [95% CI=0.967-1.00, p=0.000]. In addition, AFP
showed an AUC value of 0.622 (95% CI=0.491-0.753, p=0.088) and
there was a significant difference between the AUC values of sHLA-G
and AFP (p<0.001) (Figure 4). When the analysis were versus LC
group (Figure 5A), the AUC value for sHLA-G was 0.984 [95%
CI=0.959-1.00, p=0.000] and for AFP was 0.243 (95% CI=0.088-0.399,
p=0.002) (Figure 5B). There was a significant difference between the
AUC values of sHLA-G and AFP (p<0.001).

Sensitivity and specificity of sHLA-G for differentiating HCC from
all controls and LC were 92% and 96% respectively when applying a
cut-off level of 44 U/ml, which was the cut-off with the maximal sum
of sensitivity and specificity (Table 5). Similarly, sensitivity of AFP for
distinguishing these patients from all control and LC patients was 20%.
The AFP specificity was 86% when the analysis was versus diseased
plus healthy controls and 72% when versus LC group only. The cut-off
level of 171 ng/ml was the one that showed the maximum value of
sensitivity plus specificity (Table 5).

Table 5: Results of measurement of AFP or sHLA-G in the diagnosis of
HCC with AFP levels <200 ng/ml.

Discussion

HCV infection is a major health problem in the Egyptian
community that may evolve to LC and HCC. LC is considered the end
stage of a variety of chronic liver diseases. The major complication of
LC is HCC which representing an increased cause of mortality [13].
Hepatic carcinogenesis is a multistep process mainly associated with
persistent infection with hepatitis B virus or hepatitis C virus [14].
Behnke et al. stated a 20-fold increased risk of HCC in patients with
HCYV infection compared to those without infection [15].

The malignant transformation from LC to HCC is usually
asymptomatic so diagnosis is always late and therefore mortality rate
increased. The diagnosis of HCC is often based on screening and
surveillance strategies whose mainstays are the measurement of the
levels of AFP [16]. AFP is still one of the most important indicators in
the diagnosis of HCC [17]. The present study showed that AFP was
significantly increased in HCC and LC patients when compared to
healthy control subjects (p<0.001). Also, there was a significant
increase in the levels of AFP in HCC patients when compared to LC
patients (p<0.001). These results were in agreement with Mukozu et al.
and Sterling et al. [18,19]. Moreover, measurement of AFP levels in
different studies had proved that there is a strong correlation between
AFP values, tumor dimensions, as well as microvascular invasion. As
well, all well-known predictors of HCC recurrence such as greater
tumor size, bilobar involvement, massive or diffuse types, portal vein
thrombosis, and low survival rate tend to have high AFP concentration
[20,21].

However, AFP levels may increase in patient with acute hepatitis,
chronic active hepatitis or liver cirrhosis [17]. Also, AFP has multiple
limitations when applied to the detection of small tumors and varies
significantly in the presence of benign or nonmalignant liver nodules
[22,23]. Likewise, it was reported that only 10-20% of patients in early
stages of HCC present with abnormal AFP serum levels [24]. Thus,
establishing a more reliable early marker for diagnosing HCC either as
a single one or in combination with AFP is mandatory for the
diagnosis of HCC at early stages and hence better prognosis.

It has been demonstrated that HLA-G plays an important role in
mediating immune tolerance. HLA-G may down regulate the function
of immune system cells in many tumors via its tolerogenic properties
thus helps cancers to escape from host immunity. Moreover, HLA-G
expression may be induced by particular viruses as it is known that
incompletely understood immune mechanisms have been associated
with impaired viral clearance. Therefore, it is important to shed more
light on HLA-G role in different cancers and viruses infections [25].
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sHLA-G provokes apoptosis in CD8+ T lymphocytes and natural killer
(NK) cells. This is because of binding of sHLA-G to CD8 which is
mediated through Fas/FasL-dependent mechanism [26]. Many studies
had demonstrated the level of sHLA-G in the serum of various tumors
but few studies had reported its levels in HCC [25-28]. In the current
study, we provided more insights into the possible role of sHLA-G as a
diagnostic marker for HCC on top of HCV infection. In addition, we
investigated the relation between the levels of the conventional marker
AFP and sHLA-G in the sera from HCC patients.

In our study, sHLA-G was significantly increased in HCC patients
when compared to healthy control subjects and LC patients (p<0.001).
These results were similar to those reported by Wang et al. who studied
sHLA-G in HCC patients (N=36), cirrhotic patients (N=25) and
apparently healthy controls (N=25) [8]. The same results were obtained
by Park et al. and Lin et al. who designed their study on HBV-induced
HCC [28,29]. Also, these results are similar to those in patients with
breast and ovarian cancer along with a variety of other malignant
lesions, where SHLA-G levels were increased in comparison to healthy
controls as stated by Rebmann, et al. and Singer et al. [30,31].
Furthermore, Yan et al. studied the membrane bound HLA-G protein
expression in HCC patients. They reported that high HLA-G
expression was associated with reduced survival and increased
recurrence of HCC. Besides, they reported that HLA-G expression was
associated with HCC prognosis, especially in early-stage of the disease,
with high expression associated with shortened overall survival and
increased tumor recurrence [32]. As well, Wang et al. demonstrated
that patients with HLA-G-positive tumors had shorter survival rates
than patients with HLA-G negative tumors [8].

Additionally, in our study, there was no significant difference in
SHLA-G levels between LC patients and healthy controls (p-
value=0.07). These results were in agreement with those reported by
Wang et al. which provided definite evidence of HLA-G expression in
HCC specimens but not in LC tissue. They attributed their data to the
studies which supposed that sHLA-G is more frequently present in
malignant lesions than in benign lesions and healthy individuals [8].
According to these data, sHLA-G may be more efficient marker in
minimizing the false positive rate of AFP. As a result, concurrent
measurement of both AFP and sHLA-G concentrations in serum could
be beneficial. However, Shi et al. found that sHLA-G levels were
increased in patients with acute and chronic hepatitis B in comparison
to healthy controls and subjects with resolved HBV infection. In their
study, AUC values of sHLA-G for differentiating acute and chronic
hepatitis B from healthy controls were 1.000 and 0.993, respectively
[33]. Therefore, in order to achieve clinical application, we need to
verify the accuracy of this marker by testing a larger number of
samples and by performing multicentric studies.

The current study demonstrated significant fair positive correlation
between sHLA-G with ALT and AST in HCC as well as significant
weak positive correlation between sHLA-G with TLC and with total
and direct bilirubin in HCC patients. Moreover, there was a
significantly negative weak correlation between sHLA-G with albumin,
PC, platelets count and HB concentration in HCC patients. In
addition, a strong significant positive correlation was detected between
serum sHLA-G and AFP in HCC patients (r=0.93, p<0.001). Thus,
SsHLA-G could be considered as associating with the severity of HCV
infections and HCC. In contrary, Park et al. reported that there was no
correlation between the levels of sHLA-G with both AFP and
aminotransferases [29]. The difference may be because the study of
Park et al. was performed on HBV-induced HCC which differs from

our study which was conducted on HCV-induced HCC [29].
Additionally, these results differed from the reported data by Wang et
al. who showed that there was no association between sHLA-G and
AFP in HCC patients [8]. HLA-G expression was reported as showing
positive correlations with higher histological grade in addition to
clinical stage in colorectal cancer, gastric cancer, esophageal
carcinomas as well as many other malignancies which reflect that
HLA-G expression is a highly specific indicator for malignant
transformation not benign conditions as reviewed by Dias et al. [34].
Likewise, in our study there was insignificant weak negative correlation
between serum sHLA-G and AFP in LC patients (r=-0.11, p=0.352)
[data not shown]. This strongly verifies the concept that concluded in
Dias et al. as well as detailed in other studies [34-37].

The disease controls included both diseased subjects with LC and
apparently healthy controls to evaluate the different diagnostic
performance between LC and HCC in the HCV infection. In our data,
the AUC of sHLA-G for distinguishing HCC from all controls (healthy
plus cirrhotic subjects) was 0.993 and was higher than that of AFP
(AUC=0.811) with a cut-off value for sHLA-G=44 U/ml. Sensitivity
and specificity of sHLA-G for differentiating HCC from all controls
were 96%. The AUC value of sHLA-G for detecting HCC from LC
group was also as high as 0.992 and which was as well higher than that
of AFP (AUC=0.622) and with cut-off value for sHLA-G=44 U/ml.
Sensitivity and specificity of sSHLA-G for differentiating HCC from LC
were 96% too. These findings are similar and even better than a
previous study done by Park et al. who reported that the diagnostic
performance of sHLA-G was superior to that of AFP in diagnosing
HCC [29]. However, Park et al. performed their analysis on HBV-
related LC and HCC. Thus, there is etiological difference of the
enrolled subjects [29]. Despite, HBV and HCV infections are the major
risk factors for HCC and both are viral infections several studies have
indicated that AFP values in HBV-related HCC differ from values of
HCV-related HCC, which might be related to their different clinical
manifestations and mechanisms of carcinogenesis [38-41].

To the best of our knowledge, there are no published articles that
used the ROC curve to investigate the diagnostic performance of
sHLA-G for HCV- induced HCC detection in comparison with AFP.
There are several studies concerned about the diagnostic performance
of various markers other than sHLA-G with AFP in both HBV and
HCV-induced HCC. These markers comprising des-gamma-carboxy
prothrombin (DCP), alpha-L-fucosidase (AFU), thymidine kinase
(TK1), vascular endothelial growth factor (VEGF) plus many others
[18,42-44]. Most of these studies reported an upper hand in the
diagnostic value of these markers over AFP. According to our data,
measuring the serum level of SHLA-G could be a valuable diagnostic
tool for diagnosing HCV-related HCC as well as distinguishing it from
HCV-related LC. Hence, studies with a large scale of subjects could be
supportive for more exploration of the clinical value of sHLA-G. Most
previous studies concerning about the association between HLA-G and
HCC were executed on a small number of subjects. That is because
HLA-G expression was mostly examined in HCC tissues.

AFP levels > 200 ng/ml is considered diagnostic for HCC. However,
an elevated percentage of HCC patients show serum AFP levels <200
ng/ml [12]. Division of Gastroenterology and Hepatology, St Louis
University Liver Center, St Louis University School of Medicine, USA,
Eldad S. Bialecki, Division of Gastroenterology and Hepatology, Saint
Louis University Liver Center, Saint Louis University School of
Medicine, USA. Corresponding author. In the current study, 50% of
HCC patients were having AFP concentrations <200 ng/ml
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Consequently, we confined the HCC subjects to those having HCC
plus AFP levels <200 ng/ml and those having HCC plus AFP levels >
200 ng/ml. In the current study, the AUC of sHLA-G for distinguishing
HCC with lower levels of AFP from all controls was 0.989 and was
higher than that of AFP (AUC=0.622) with a cut-off value for sHLA-
G=44 U/ml. Sensitivity and specificity of sHLA-G for differentiating
this HCC subgroup from all controls were 92% and 96% respectively.
Also, the AUC of sHLA-G for detecting HCC with lower levels of AFP
from LC group was higher than that of AFP (AUC=0.984 and 0.243
respectively) and with cut-off value for sHLA-G=44 U/ml. Similarly,
sensitivity and specificity of sHLA-G for differentiating this HCC
subgroup from LC were 92% and 96% respectively. Again, sHLA-G
showed better diagnostic performance for diagnosing HCC with AFP
levels <200 ng/ml.

All over, the superiority of sHLA-G to AFP in differentiating
between HCC and liver cirrhosis as well as in identifying HCC with
AFP levels <200 ng/ml is obvious in our study. These findings are vital
because AFP levels are increased in approximately 11-47% of subjects
with liver cirrhosis and its false-negative results are reported in 30-
40% of HCC patients [45]. Therefore, finding an improved diagnostic
marker for HCC with enhanced diagnostic performance containing
higher specificity as well as higher sensitivity commands a critical
priority. To validate this marker, future studies on a larger sample size
are required. Additionally, follow up studies of wide range of chronic
HCV-induced liver diseases which will help to explore the exact nature
of HLA-G roles in the progression as well as the survival rate of HCC.
The relationship between sHLA-G and clinicopathologic staging of
HCV-related HCC has not yet been extensively studied and should be
focused in further researches. As well, it has been reported that HLA-G
could be a marker of susceptibility to chemotherapy in ovarian cancer
and a lot of other tumor cells [46,47]. Thus, more broad research on
SsHLA-G expression in HCV-induced HCC would be helpful to
facilitate the use of sHLA-G as a prospective therapy for HCC plus
monitoring chemotherapy.

Conclusion

sHLA-G was significantly increased in HCC patients but not in LC
patients, while AFP was significantly increased in both HCC and LC
patients. Having higher AUC than that of AFP, sHLA-G has better
diagnostic performance with higher sensitivity and specificity than
AFP. According to our data, sSHLA-G could serve as a new efficient
marker for early diagnosis of HCV-related HCC and to discriminate
HCC from LC with the ability to identify HCC with low levels of AFP.
Thus using sHLA-G could help to reduce both the false negative and
positive rates of AFP. Moreover, SHLA-G could have a predictive value
for malignant transformation in HCV-related LC patients either alone
or with other tumor markers.
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